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I Methods in general uſed for caſting, 


grinding, and poliſhing the Metals for Re- 
; ing Tele being well known to Work- 
men, and having been treated of in the moſt full 
and ſatisfactory Manner in Dr. Smith's O 
and alſo by Mr. Mudge in the Philoſophical Tranſ- 
actions, Vol. Lxvii, Part 1, I ſhall not dwell upon 
theſe Points, but ſhall add ſuch Directions and Ob- 
ſervations of my own as I have found by Experi- 
ence to anſwer much bettet than the Methods taught 
by thoſe Writers. Some Teleſcopes conſtructed 
by me have been tried by the Rev'd Dr. Mask E- 
LYNE, Aſtronomer Royal, and found very greatly 
to excell in Brightneſs *, and to equal in other Re- 


* Mr. Edward:'s Teleſcopes ſhew a white Object perfectly 
white, and all Objects of their natural Colors; very different 
from common Reflecting Teleſcopes, which give a 1 cop- 
periſh Appearance to Objects. I found, by a careful Experi- 
ment, that they ſhew Objects as bright a treble Object-glaſt 
Achromatic Teleſcope, both being put under equal Circum- 
ſtances of Areasofthe Aperture of e Object metal and Object- 
glaſs, and equal magnifying Powers; whereas the Diamęter 
of the Aperture of a common RefleQing Teleſcope muſt be to 
that of au Achromatic Teleſcope as 8 to 5, to produce an equal 
Effect. | NEVIL MasxELYNS: 


A'S -: ſpects, 


*, 
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. . 
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Teleſcopes of the ſa Size, conſt 
[yn Ky ol 


Of he be Compoſition for Relei VE 
T3 H A T I may not be tedious upon: this Point, 


it may be neceflary to acquaint my Reader, 


that I. have made Experiments _ the following 
Metals and Semi- metals, in order to diſcover a 
Compoſition for a Speculum, which ſhould reflect 
the greateſt Quantity of Light, and conſequently be 
capable of receiving the fineſt Poliſh, 1 combined 


them in ſeveral Proportions, and ground and po- 


liſhed them. The Metals and Semi-metals I 


triec were Silver, Platina, Iron, Copper, Braſs, 


Lead, and Tin; Crude Antimony. Regulus of 
Antimony, Martial Regulus of Antim ny, Arſenic, 


Biſmuth, Zinc, and Antimony combined with 
Cawk-ſtone . Having tried many Compoſitions 


of them (ſee the Appendix) I found that 33 
Ounces of Copper, with 15 of 16 Ounces of Grain 
Tin according to the Purity of the Co per) 
with the Addition of a little + Braſs and Ark 
viz. one Ounce of each to the above — of 
Copper and Tin, will form a Metal capable, when 
poliſhed in a proper Manner, of reflecting much 
more Light than any other Metal that bas as per 
been offered to the, Public. When I fay t 
the Proportion of Tin is from 15 or 16 to 32 
Ourices of Opens 1 would be underſtood, chat 


. '* See a moſt curious Experiment n Cawk-ftone and 
Antimony'i in the Philoſophical Tranſactions, No. cx. 4 

+ If One Ounce of Silver be added to this Conipoſition, 
Go Metal will be much better and whiter. == 


r 1 * * | the 
4 


nic; a 


1 
the Proportion of Tin will not always be accurately 
the 1 as Copper will: take more or leſs Tin to 
8 ſaturate it according to its Purity. It 


might be of Uſe previouſly to purify the Copper 


as much as. poſſible. A very little E- 
in theſe Matters will enable any one to know 
exactly when the Copper is completely ſatu- 


rated; as the Compoſition will, if bißken, 


appear of a moſt beautiful bright and glaſſy 
ature, very much reſembling the fine Face of 
Quickſilver. My Method to aſcertain that Point 
accurately, is to melt 32 Ounces of Copper, 
and to add to it, when ful 
of Tin, and to pour the Mixture into an Ingot: 
Then to a certain known Portion of this C 
fition, I add a very ſmall, but known Portion of 
Tin; and thus, by a few Trials, I can eaſily ob- 
tain the Point of complete Saturation, and the 


Maximum of Perfection. Having then aſcertained: | 


what Portion of Tin I added to the above known 
Quantity of the Compoſition, I add the propor- 
tional Quantity of Tin to the'#bole, when melted 


a Second Time. Thus, if I find, that 1 muſt. 


| add a Quarter of an Ounce of Tin to One Pound 
of the Compoſition, ſo as to obtain the ne plus ultra 


of -* Brilliancy ; then I know, that, - when I ſhall 
melt the Remainder of the Metal a Second Time, 


in order to caſt the Speculum, 1 muſt add One 
Ounce of Grain Tin to Four Pounds of the Com- 


* If too much Tin ſhould be added; viz. if 17 Ounces 
of Tin is put to 32 Ounces of Copper, the Conipoſition is 
not õᷣriiliant when broken, but of a grey blue and dull Colour. 
If the Quantity of the Tin be further increaſed, the Metal 
will become almoſt SlacCrg. g 

r 


ciently fuſed, 15 Ounces - 


d to be caſt, as the Heat of 
elting, is ſa great 


duced into the Crucible to the melted Mixture, 
uce diſagreeable Effects upon the 


ble with 
lece of 


the Arſenic, and laſtly the Tin; as without Doubt he knew 
that the Tin ſhould remain in a fluid State the ſhorteſt Time 
poſſible, It js true that Sir hag added the Aro to the 


melted Copper; but as he well knew that a great Part of it 
would be rendered volatile, be therefore added a very large 
Quantity of it; viz, Arſenic 1 to Copper 6. -” = 
1 See Dr. David Gregory's Optics by Dr. Brown and Dr. 
De/aguliers, p. 219 ; or Philoſophical Tranſactions, Na gr. 
I have been aſſured by Two ingenious experimental Phi- 
loſophers, that the Fumes of Arſenic, even when the Garlic 
Smell is very ſtrong, are not in the leaſt prejudicial to the Lungs, 
* Nevit MasxEITXE. 


— the 5 — — 
Eompotcion ef — Tin wichout Arſenic. 


2 
ſition will 1 Indeed 
the Reaſon why: 
for Specula, are much en 
to the Air, „ bloemule ae — 
their Cqnipoſition is not neat y ſaturated, and the 
Acid contained in the Air, by acting upon it, xx- 
. — . 


Metal into a dirty or coloured Sp 
and which See Lab of Light) cn cauſes 
the common eleſodpes to ſhew all Ob- 


jects of a 3 or yellowiſh Colour. This, 
rr 
above Oompoſition; for, as is oom - 

ſaturated, ————ů— 
I muſt net, however, paſs over One 
Caution in the Mode or Manner of melting the 
Cotmnpoſition, and that is, that the Copper mutt be 
melted firſt of all, and rendered as fluid as poſiible, 
then the Btaſi and Silver muſt be added, and the 


One Ounce of Arſenic however ſufficiently act 
| and ane Ding ak bythe . e 70 that it Rall 


"Whole 


"7 ,v.- * — — 2 - . 
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| ſtirring the melted Mixture with a wooden Spatu 
-of Birch, and made as fluid as poſſible. The Tin 


the greateſt Advantage 


| "> 


1 8 1 
Wbole fluxed with theicommen black Flux, inte 


f Two Parts of: Tartar to One af Nitre, or by 
la 


muſt now. be added, and the Whole poured off 
immediately after it is once ſtirred together; for if 
the Mixtute is continue on the Fire ſome time after 
the Tin is added to it, it will always prove porous 
.afterwards, though it be melted a Second Tune, 
with the ſmalleſt Heat poſſible. As I ever found 
this to be the Caſe, I naturally co njectured that 
the Metal would be moſt ſolid and free from Pores, 
-when the Tin remained the leaſt Time poſſible in a 
State of. Calcination. Experience determined the 
Truth of my Conjecture, and I now find that the 
beſt Method poſſidle to make this Compoſition to 
is, to melt the, Copper as 
fluid as poſſible, and ſſux it with the black Flux; to 
melt the Tin in. a ſepatate Crucible by ell, totake 
the TWO Crucibles out; of: dhe Fire, and pour the 
melted Tin into the fluid Coppery and ſtir it inſtantly 
with a wooden Spatula, and pour the Whole im- 


- mediately into a large, Quantity f cold Water. 
The — * Chill, from: the Quaniey.of « 


divides the 
. melted Maſs into an infinite Number — ſmall Par- 
. ticles, and by that Means cools it inſtantaneouſly, 

: and conſequently prevents the Tin from calcining 

ſenſibly; and hence I, have always. found, that 

-in the Second Melting, the Compoſition was entirely 

free from Pores, even though no Aſimie had been 
ed. Yet the; Addition of Arſenit ever ren- 


dered it much 3 and indeed ꝰ ſpeci- 


®* The ſpecific Gnivity of the Compolition itſelf 10 8,78; 
with the Addition of x 027 of Arieyc 0 . 'of Metal 3s 


fically 


1 


10 


„%% Tn 


0 ler, as. well a8 more brilliant . 
uful. On reverling the Proceſs, if chen Tin is put 
into the Bottom of the Crucible, and the Copper at 
oe Top of is, which. 1 have frequently, done, the | 
opper will melt with a very little Heat; whereas, 
1 Copper is ſelf, it 

Heat to cauſe it to me 
When! I. bel made e of. this Method, I imagined 
0 be 
—— an ue u greatly: 
"py common Mathod and, as Mr. Mudge 
| the N ip pig to the Tin being 
the rect eat of the fluid Copper 8 

its e W n expected to. find the 
Metal, mad de by the abovr Proceſs, totally free, 

from Fray pecially in the Second jv) 

the Heat was conſiderably leſs than if oy lis 
had been LAT firſt by lf. However 1 always: 
found it full of Pores, much more porous than I 
bad. eyer . it Lay ga 7 ſome ny at > 
diſcovet a vi at the 
Pores were enn to e Tin — . ſo long in 
the Fire in a gui State, and therefore © in a State of 
perpetual Calcination, I attributed the Porolity of 
the Metals, which I made of this Com þ{ wag to 
a. Multitude of Cauſes, till thoroughly. tired of 
Experiments and Conjectures to 3 the true 
Reaſon, I was determined to melt the Copper firſt 
and the Tin afterwards, as I bad always: done be- 
Shan 1 drop oped, upon this proven Method, as I 
agined. The Reſult was, the Metal was in- 
. more compact and much leſs porous. By 
melting the 8 firſt and then adding the Tin 
to it, I ſoon diſcovered that the longer the Tin re- 
mained in the Fire, the more porous the Metal 


turned out; and, vice verſd, the ſooner I poured 
B it 


—— W I. h 1 " Tin, the mo ow 
res it ptoved:* Fro | 


See Vene Ay” the Eft 2 . 


—.— and to cool the Whole" initnediace 
as far as I was able, Catcination fro 


adding the Fin in à ffuic Stäte to the © 100 


4g Plate: — coor 7 5 my Cöfhectures; 


N 


ing. the whole welded 
Maſs, the Inſtant they ed and Wires to, 
gether, into oy Witer {the . Way 8 probed 
in the Second Many kh g OH Gore "Git. 
paR, beavtitul,” an ang N ke: eye fern it 
by any roth other Frocefß. * 45 
over; a n Fords a clear Pr6or of tlie Uſe- of 
Arſenic in rendering che Metat much fnore folid and 
compact; and Conſequentiy m fotm Pores 
than if n ode been pſeg in the Cofnpe hg jon, 
n_— 1 made" N bf meſri ug the 
per and F together; by puttin 10 the 
Ee ar the fame tiber Wt ef down 
together; the Metal was always 2 Ib. 
ſerved before: However frequently"! eke "it af. 
terwards, anct though gh T. gart it no more Bleit than 
was" barely "neceſſary to melt t, yet if "added to 
this very'porous Mt, after it Was melted,” à ſmall. 
Quantity of Arſenic iz. an Ounce to One Pound” 
of the Metal, it ok really aſtoniſhing to" Tee how” 
much better the Metal turned out- being con- 
ſiderably harder than before, and incomparably leſs 
porous. I' mention this *Circurnſtaiice, which any 
one may eaſily try, to ſhew the very great 'Adyan- 
tage of uſing a ſmall Portion of Arſenic to render it 
more compact, and, as Sir ISA A Nrwrow juſtly 
* oblerves, more white than before. The Ute of the 


* See Appendix to Gre or 's ; Optics, p. 2 193 or the Philo- 
ſophical Tranſactions, N r | 
ſmall 


b it } 
waa Portion” of Frafs in this Compoſitisn is to 
fender it more tough and not 8 ne 
as this Compofttlof without the Brafs would pro 
A ſmall 2 — of Silber Ak make the Metal mu 


„though if G0 Woch is added it is opts 
pordli: aa Having Font io" much relative” 


— 


1 oF t a which indeed "PE 
At Fa o t 2 
0 Pa ND I ee WA 
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N 61 03 1089 & | 
Fora 1. The. * of caltng 15 4. 
Fur Sand] molt proper "oo eſti hs 40 
"indeed any other Meral, e fine Sx ms, with 
T | 


50 RB Loam or Clay tn! ixed Wit it narf 
is  abfolutely ns to make ix * tenacious el 0 


to adhere tog ether Wen | molten 
too much Cla is mixed Properly with. ' inp Sar 
it will always 3Jot the Metal in afferent DireRtois, 
fornerimes nde to the great Danger, of the Ope 
rator.. On the contrary, if the Sand does not 55 
rain, a fuffcient nantſty of Clay, it will not re- 
main in the Flaſks, or take 4 P er Tmpreſfon 
from the Pattern or Model. The beſt Sand I could 
ever meet with for the Purpoſe of caſting Specula, | 
is the e common Highgate Sand (near Lond gene- 
rally. uſed by the Lougon Founders. It ſhould be 
as little wet as ty be, and well beaten, but not too 
hard. The Flaſks, ſhould be at leaſt 'Two Inches 
wider than the Metal intended to be caſt. If the 
Sand is not of a ſafficienc Thickneſs round the 
Metal it will inſtantly become dry when the hot 
fluid Metal is poured. into it, and conſequently will 
contract, and of courſe” the fluid Metal will run 
out of che Flaſks.” A * Thickneſs of Sand 
| a 2 will, 


F 

will, however, prevent this e, The Meral 
or B be made of Braſs or hard Fin 
and muſt be a little larger and thicker than the 
Fpeculum intended to be caſt from it; as the Thing 
calt is always alittle leſs than the Pattern, owing to 
its contracting, a ſmall Degree, in coclin Ei 
wooden, Pattern will not quit. the Sand. near 10 we 
as one made of Metal Wood will alw 
_ warp by the / Moiſture of the Sand, and c 
quently will give a falſe Figwe or Form to the in- 
tended Speculum. As the Compoſition I have 
given, for the Speculum is the hardeſt, and. conſe- 

vently the moſt brittle of any; Metal yet, known ; 
* it i the moſt difficult to caſt. The common 
Manner of caſting other Specula will. not avail, in 
the leaſt Degree, here; and it was a very con- 
Gderable Time before I found out a certain and in- 
fallible Way to caſt them free from Faults or Flaws 
in the Face. In general they cracked in the cooling, 
from the Moiſture of the Sand. The only Me- 
thod poſſible to caſt them well (for indeed I have 
tried 90 Methods) is to caſt them with the Face 

EL. The Ingate or Git ſhould be at the 

Back of the Metal, and at the very Edge of it; 
its Breadth, where it joins che Metal, ould be. at 
leaſt Half the Diameter of the Metal, and its 
Thickneſs muſt be Half the Thickneſs of the 
Metal at the Edge; the upper Part of the Git 
ſhould contain as much Metal, at leaſt, or even 
more, than the Speculum itſelf. I could give my 
Reader ſufficient Reaſons for every Part of the 
Proceſs above directed, but I might be thought too 
tedious: Suffice it then · that 1 5 15 him, that he 
will find theſe Directions will anſwer in Practice; 


and 


5 102 2 
and I believe, L can ſay, that no one whatever can 
caſt Specula, of this brilliant and. brittle Compo- 


ſition, by any other Means than What I habe oa 
pointed out. When the Pattern, with its Ingate or 
Git, is taken out of the Sand, Ten or a Dozen 
{mall Holes ſhould be made through the Sand, at 
the Back of the Mould, with a; ſmall Wire or 
common Knitting-needle, to permit the Air to 
eſcape, as the Metal is poured into the Mould. I 
have found by Experience, that ſeveral ſmall 
Holes are infinitely better, for that Purpoſe, than 
One large Hole. When the Metal is melted a Se- 
cond Thong, SIA wins te 2 — as ſmall a 
Degree of Heat as poſſible, the proportional 
Quantity of crude Arſenic in coarſe Hover, and 
ſtir it well with a wooden Spatula; when the Fumes 
are gone off, take the Metal off the Fire, take 
away the Droſs, and add Half an Ounce or an 
Ounce of powdered Roſin, or equal Parts of pow- 
dered Roſin and Nitre, in order to give the Metal 
a good Face; ſtir it well with a Stick, and pour it 
immediately into the Flaſks. When the Git is 
filled up with the fluid Metal, ſtrike the Flaſks 

ntly, ſo-as to ſhake or jog the Metal in them in a 
final Degree; this will prevent any Flaws in the 
Face from any Air- bubbles being lodged there. 
When the Metal has remained in the Flaſks for a 
few Minutes, ſo as to become entirely ſolid, open 
the Flaſks while the Metal is red-hot (it cannot 


* If ſeveral ſmall Holes are made for the Air to efcape, 
the Back of the Metal will be caſt much neater than if One 
Hole only is uſed for this Purpoſe. . Beſides, when One Hole 
only is uſed to let the Air eſcape, the Metal js very apt to 
5 in that Place, owing to the Sinkiag of the Metal in 
Cooling. | 


crack 


1 


h. it is expoſed G0 he 
25 all Metals ute malleable whem they are _ 
and tale oùt irhe/Speculum with” a'Pair 


hying:hold of it by the Git, but e Care to Ker 
the Face downwards t prevent it 8 
Force out the Sand from ein the 

the Mirror, with 4 Piece of Wood or Iron,” and 
place the Speculum in an Tren Por Pot with 21 
Quantity of hot Ades or ſmall Cpals, ſo as to bt 
the Speculum in them a ſufficient De "84 | + the 
Sand is not forced out᷑ of the Hole," the Marifie 
above directed; the Metal, by fiyking as it cool, 
vill embrace ube Sand in the dals of the Sp. 
eulum ſo tight as to eauſe it to earn before it be. 
comes intirely cold. And if the Metal is nbt taken 
out of the Sand, and put in a Pot with hot Aſhes 


<p 


or Ooals to:atndd? it, I can aſſert, that the Moiſ- 


tore from the Sand will always break the Metal. 
Let the A nn in che Aﬀhics till ki 


e and . 


Of the nocd He and Keie the Ge 


P rough-grinding, , figuring, and poliſhing the, 
Metal Two Tools 5 only are neceſſary, belies A 
common Grindſtone, One chief Reaſon why 
Workmen do not give a good Figure to their Spe- 
cula, is becauſe, by purſuing Dr. Smith's or Mr. 
e's Method, they uſe too many Tools, VE 
in a great Meaſure deſtroy each other's Effects. 


As, 


— 


11 ne ta give, 


= Rough 3 TEE : 7 mo 


ther, 1 nee "of Pewter; this — 4 

Ti 15 (dey ra Poliſher; this. Tool, —.— 
5 of Stones or Hones, ü all that are nece 

| By wa (as directed by N and. 


is, totally ui nge 
Tp Ke 700, 1 bs 


42 detrimental. 
— 8 rat nd 0. 
grind, the Spec to grind. t ace it 
Pie b right, upon a 1 N Lag 
nearly to the Figwe: or Focus of che Spec 
a Gage. Take it then to erer ere 
Noa and Pin, TW. 
Meta 
hal, NS 
very os BW _ we 
ea Ha Deen Fo a a Uppl * Rough-gringer 
100 ma an e iptical Form, and not cir- 
agar (for Reaſon I ſhall point aut, hereafter) and 
ſuch Nes that. the ſhorteſt Diameter of 
the Ellipſe ſhall be equal in Breadth to the Dia- 
meter of, the Mirror, and the longeſt Diameter of. - 


the ellipucal, Tool 2 to the ſhorteſt Dia. 


A. The Gri tone ay be brou = = the Form of the ; 
Gage, by Folding ame ab ro an Iron Bar againſt it, 
while it is turned round, al ſo much is worn away from ita 
Surface, a8 ſhall cauſe it to take the true Curvature of the 


Ger 
\ meter 


— 


— 


„ nod - 
r woe OYPooga ear TAE Se oo 
R — * — —— 5 — 


—_— ww 
= ” 


- — — 4 — —ê — 
— — —— == _ 
Cong — - 

4 Fa 


. ——— — — — 4. a « 
* 1 — — — D—Ä— 
> 2 4 — 


_ & Reaſon to be mentioned 


in Dr. Smith's Opties, or 
po of the Philofophical ee 15 1 ed 


Pu 


of © 
meter in the Proportion of ro to it 


—_ working or Aguring 1880 Metal u * 
in upon all t ucceedl ols, is ta 
po Rory 1 oh aſs 


Reader to thoſe Publications, as T'only. 
7 — to give my own Improvements. When the 
Metal is Foo t to a true Figure, it muſt be taken 


td a convex ool, formed wit ſoffie Stones from a 


Place called Epedon, in Sbrvpſbire, ſituated between 
Ludlow and Biſhop's Caſtle. Theſe Stones or Hones 
are of a fine Grain, and will eafily cut the Metal 
and bring it to à fine Face. Tdeed the. blue 
* Hories, uſed in general by the Opticians for this 
rpoſe, will ſcarce touch the Metal, and it will 
= a laborious Undertaking to bring the Metal to a 

fine Face, fo as to take out all the Breaks 4 from 
the Emery, by the common blue By 
Means, however, of the r Stones 
they may eaſily be ground and truly figured. The 
Bedi of Stones ſhould be of a circular Figure, and 
but very little larger than the Metal intended to 
be figured'upon it ; viz. about Two Tenths of an 
Inch, but not more, for a 1 r of Four or 
Five Inches in Diameter. If the Tool is made 
conſiderably larger than the Metal, it will grind — | 
Metal perpetually into a larger Sphere, and 
Means of a good Figure: If the Metal and cat: 
are of the ſame Size exactly, the Metal will work 
truly ſpherical; but it is apt to ſhorten its Focus 
leſs and leſs, unleſs the Metal and Tool are worked 


* Should any one however make Uſe of the common blue 


Hones, he ſhould uſe as little Water as poſſible when the 
Metal is put upon them, as they will cut much better when 
barely wet, than if much Water is uſed upon their Face. 


alternately 


17 

alternately r e RES war ate Auer we 
a little * than the Mirror, When it WAI not alter 
its F > wh, much Water ſhould 8 uſed - 3 
a Time the Hone Pavement, or the Figure will 
be — — which may eaſily be ſeen by the Free i 
of the Metal appearing of different Degrees 
Brightneſs in different Parts of it. When the Metal 
is brought to a very fine Face and For by the 
Bed of Stones, it is ready to receive a Poliſh : Bur: 
before I ſhall give my Directions concerning the 
Manner of poliſhing it, I muſt mention a Circum- 
ſtance or two I had inadvertently paſſed over. The 
Metal muſt not be caſt too thick, or it will never 
take the parabolic Figure intended to be given to 
it. The beſt Proportion I have found for this Pur- 
zoſe is, a Metal of 41 Inches Diameter and 18. 
—— Focus ſhould be Four Tenths of an Inch 
thick at the Edge of it: The Back of the Mirror 
ſnould be convex to ſtrengthen it, and to cauſe it 
to ſpring and adhere to the Poliſher uniformly. Its 
Convexity ſhould be equal to its Concavity on the 
Face, that the Metal may be every-where. of an 
equal Thickneſs. The Handle ſhould be made of 
Lead, of the ſame Convexity and Concavity as 
the Metal, its Thickneſs about double that of the 
Metal, and its Diameter Three Fourths of that of 
the Speculum; it ſhould have a Hole in the Middle, 
with a Copper or Iron Screw on it, ſo as to put it, 
together with the Mirror, to which it is faſtened 
with Pitch, on a Collar Lathe, in order to ſmooth 
and finiſh the Edge of the Metal, which may be. done 
by holding a fine File to it, when in the Lathe, at 
| — firſt, and afterwards one of the above- mentioned 

tones. 


About One Twentieth-part greater in Diameter. 
| C 


of 
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O. poljbing th + Metal, * eving i the rrue ee. 


Figure. 


T HE Rotgh-arinder of an elliptical Form ib now 


to be covered with common Pitch. I gene- 
rally make my own Pitch by boiling Tar in a 
Ladle, or Crucible, over a very ſlow Fire, till it be- 
comes of the Conſiſtence I require; for a great Nicety 
is required in the ee of the Hardneſs of the 
Pitch. The harder the Pitch is the better Fi igure it 
will give to the Metal, as it does not alter its Fi- 
Sure in working, as foft Pitch does; beſides the 
etal will acquire a Luſtre upon a Poliſher mode- 
rately hard, ſo as to ſhew Objects reflected from it as 
vivid and as near their 1 Colour as poſſible; 
but, if the Pitch is too ſoft, ſome of its fineſt Par- 
ticles will always adhere to the Face of the Metal, 
and form a very fine and thin Cuticle or Covering 
upon its Surface. This Circumſtance is Laren 
very evident by viewing any white Object in the 
Metal (a Sheet of white Paper, for Example) when 
that fine Cuticle or thin Surface of the Pitch upon 
the Speculum will cauſe it to ſhew the Object of a 
dingy brown Colour, and not of its genuine 
Whiteneſs. Pitch may be eaſily made harder by 
adding to it a proper Quantity of Roſin. I often 


uſe equal Quancities of Pitch and Roſin, ſo as to 


make the Mixture juſt ſo hard when cold as to re- 
ceive an Impreſſion from a moderate Preſſure of 
my Nail. A Poliſner made with Pitch and Roſin 
has this Advantage; viz. though it is hard, yet it 
is not ſo brittle as when Pitch only is uſed, and 
made hard by boiling it, and conſequently not ſo 
liable to break or chip off at the Edges, and there- 


by ſcratch the Metal, Pour the melted Pitch and 
Roſin 


1 Ee 
Roſin, when py cool, from the Crucible upo 
the * elliptic Tool, ſo as to cover it every where 
when. ſpread upon it with an Iron Spatula, about 
the Thickneſs of a Half-crown Piece, If the 
Covering is too thin it will ' continually alter its 
Figure, by the Heat it acquires in working the 
| Metal upon it, and thereby give a bad Figure alſo 
to the Speculum. When it is ſomewhat cool, lay 
a Piece of Writing Paper upon the Surface of the 
Pitch, and gently preſs the Mirror upon the Paper z 
inſtantly pull the Paper from off the Pitch, after 
you have preſſed the Mirror upon it, elſe it might 
adhere to the Pitch, and you will find the Poliſher 
will be nearly figured to the Form of the Speculum. 
If it has not taken an exact Figure every where, 
which would appear by the fine Marks of the 
Grain of the Paper upon the Pitch, gently warm 
the Surface of the Pitch, and repeat the Operation 
as before, till you have formed it of the + exa&t 
Figure of the Metal. With a Penknife take away 
now all the ſuperfluous Pitch from the Edge of the 
Poliſher, and with a conical Piece of Wood form 
the Hole in the Middle accurately round : In other 


® The elliptic Tool muſt be made pretty warm, or the Pitch 
will not adhere 40 it. | | 1 

+ When the Poliſher is brought to its true Figure, gently 
warm it at the Fire, and with the Edge of a Knife divide it 
into ſeveral Squares by preſſing the Edge of the Knife gently 
upon the Pitch ; theſe Squares, by receiving the ſmall Por- 
tion' of the Metal that works off it in poliſhing, will cauſe 
the Figure of the Speculum to be more correct than if no 
ſuch Squares had been made, —The Poliſher may alſo be 
formed, without the Writing-paper, by dipping the Mirror 
into cold Water, and afterwards preſſing it upon the Surface 
of the Pitch (when it is ſomewhat cool) and by repeatin 
this Operation till it has taken the exact Figure of the Metal 


C 2 Words, 
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Words, let the pitchy Surface be every where of 
the ex act Size and Shape as the Lead Tool which 
is under it. It may be neceſſary to mention that 
the Hole in the Middle of the Poliſher ſhould go 
quite through the Tool (for a particular Reaſon) 
and ſhould be made of the ſame Size, or ſomewhat 
leſs, than the Hole in the Middle of the Speculum. 
This is a neteſſary Caution, and indeed I have al- 
ways found that ſmall Mirrors, without any Hole in 
the Middle, will poliſh much better and the Figure 
will be more correct, if the Poliſner has a Hole in 
the Middle of it. The Powder I prefer above all 
others to give a moſt exquiſite Luſtre, is Colcothar 
of Vitriol and not Putty. Putty gives Metals a 
white Luſtre, or, as Workmen call it, a Silver 
Hue; but good Colcothar of Vitriol will poliſh 
with a very fine and high black Luſtre, ſo as to 
give the Metal finiſhed with it the Complexion of 
poliſhed Steel. To know if the Colcothar of Vi- 
triol is good, put ſome of it into your Mouth, and 
if you find it diſſolves away it is good; but if you 
find it hard and cranch between your Teeth, then it 
is bad and not well burned. Good Colcothar of 
Vitriol is, of a deep red or a deep purple Colour, 
and is ſoft and oily when rubbed between the Fin- 
gers : Bad Colcothar of Vitriol is of a light red 
Colour, and feels harſh and gritty. The Colcothar 
of Vitriol ſhould be levigated between Two Sur- 
faces of poliſhed Steel, and wrought with a little 
Water; when it is worked dry you may add a little 
more Water to carry it lower down to what Degree 
E When the Colcothar of Vitriol has 
| wrought dry Three or Four Times, it will 
acquire a black Colour, and will be low enough or 
| He . ſufficiently 


- 


. 
ſufficiently fine to give an exquiſite Luſtre. This 
levigated Colcothar of Vitriol I put in a ſmall 

Phial, and pour ſome Water upon it, and after- 
wards I uſe it for poliſhing the Metals in the ſame 
Manner that waſhed Putty is always directed to be 
made Uſe of for that Purpoſe. I always put on a 
large Quantity of waſhed Colcothar of Vitriol at 
once, ſo as to ſaturate the Pitch and form a fine 
Coating of the Colcothar, and very rarely make 
Uſe of a Second Application. If a ſecond or 
third Application _ Colcothar ſhould be found 
neceſſary to bring the Metal to a high Luſtre, or to 
take out any Scratches 1 70 its Face, uſe it very 
ſparingly, or you will deſtroy the Poliſh you have 
dy attained. When the Metal is nearly 
poliſhed, it will always generate ſome black Mud 
upon the Surface of the Mirror, and alſo upon the 
Tool. Wipe it now away'from the Face of the 
Metal, with ſome very oft Waſh-leather ; though 
if too much of this Mud be taken away, it will not 
poliſh ſo well. Indeed a little Experience in theſe 
Matters will better ſuffice than a Volume written 

upon the Subject. 2 
In regard to the parabolic Figure to be given 
to the Metal, no particular Caution is required in 
the poliſhing ; the elliptical Tool will always cauſe 
the Speculum to work into an accurate parabolical 

Figure, ſuppoſing the tranſverſe and conj 

Diameters bear the true Proportion to each _—_— 
and the Metal is not too thick to prevent it always 
from adhering firmly and uniformly to the Poliſher. 
Should the Pitch prove too ſoft, it will give way, 
and alter the Figure a little. This Circumſtance 
will render the Figure of the Mirror ſometimes a 
ſmall Degree ſhort of the Parabola, and ſometimes 
a very 
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a very little beyond it; but by a little Perſeverance 
the correct Figure is very eaſily acquired. I could 
very eaſily give the Reader the Reaſon why an el- 
tptical Tool of a proper Proportion will always give 
a parabolical Figure; and, if the tranſverſe Dia- 
meter is increaſed, it will then always give an hyper- 
bolical Figure; but as I am writing upon the prac. 
tical Part of making Reflecting Teleſcopes, and 
not the Theory, I will not offend his Patience. To 
convince any one of the Certainty of my Aſſertions; 
let him poliſh a Metal 24 Inches Diameter and 9+ 
Inches Focus, upon an elliptical Tool, whoſe Dia- 
meters are 21 and 3 Inches, and I can aſſert he will 
always find the Metal, when poliſhed (if it is not 
too thick). beyond the Parabola, or it will always 
prove hyperbolical. If he poliſhes it upon a cir- 
cular Tool in the common Way, with croſs Strokes 
in every Direction poſſible, uſing firſt a few round 
Strokes every Time he changes his Poſition, he 
will find it will always prove ſpherical, and conſe- 
quently ſhort of the Parabola. A very little Ex- 

ience in theſe Matters will convince any one of 
the Eaſe and Certainty of giving the great Spe- 
culum a parabolic Figure by poliſhing it in a com- 
mon Manner only, with croſs Strokes in every poſ- 
ſible Direction, upon an elliptical Tool of the pro- 
per Dimenſions, in which, for common Foci and 
Apertures; viz. 24 to 94 Focus, or 3,8 Inches 
in Diameter to 18 Inches Focus, the Diameters 
ſhould be 10 tog. The ſhorteſt Diameter of the 
Ellipſe being accurately the ſame as the Diameter of 
the Metal, and the longeſt Diameter of the Ellipſe 
to the ſhorteſt Diameter as 10 to . 


3 — xd JOHN EDWARDS. 


A PP E N D IX. 


An Account of ſeveral Compoſitions of Metals 
and Semi-metals, on which Trials were made 


to find out the moſt proper Mixture for the Se- 
cula 4 Reeling Tele Hafen. | 


ay the Rev'd 3 EDWARDS, B. A. 


OPPER and Tin equal Parts very bad, 
ſoft, and of a blue Colour. 
2 Do with Arſenic 4 but little different from the 
.- 
3 Tin 2, Copper 1—much — than the pre- 
ceding ones. 
4 Copper 32, Tin 16, Arſenic 4, Nitre 4 black 
and brittle. 
5 Copper 6, Tin 14, Arſenic 1 very indifferent. 
6 . * 32, Tin 14, Arſenic 2—a very good 
etal. 


Note, By Tin, I always mean Grain-tin. 
4 The Nitre was added to fix the Arſenic. 


7 Copper 


' 1 24 } 


Copper 32, Tin 132, 1e 1 not quite fo 
f good L oY | : I 
8 Copper 32, Tin 135, Arſenic 14—a good 
Metal. HET 
9 Copper 32, Tin 15, Arſenic 2-—much better 
| than any of the above. 
10 Copper 6, Tin 2, Arſenic 1—compa@, but 
very yellow w when poliſhed. 
11 Copper 3, Tin 14 compact, and whiter than 
the 10th. 
12 —_— 32, Tin 14{—a pretty good Metal, but 
Poliſhes too yellow, 
1 3 Copper 32, Tin 15, Arſenic 2, Flint-glaſs in 
Powder 3 very bright, but rotten. 
14 Braſs 6, Tin 1i—compact, but too yellow. 
15 Two Parts of 11th Compoſition and 1 Part of 


14th Compoſition compact, but much too 


yellow when poliſned. 
16 Braſs 5, Tin 1—ſomewhat whiter than rath. 
17 Braſs 4, Tin 1—a good Metal, but rather yel- 


low. 


Ng Flint Glaſs was added as a Flux, See Shaw's Chy- 

m 

Note, be 1 roth is the 8 of Sir Jſaac Newton. 

See Appendix to Gregory's OR peo, The 11th, 14th, and 
15th are the Compoſitions of Mr. Molyneux. See Smith's O tics, 

Vol. II. P. 304. And the 12th is the Compoſition ol Mr. 
Mudge, See Philoſ. Tranſ. Vol. LXVII. P. 298, 

19 and 21. Theſe Compoſitions are mentioned by Neri 
and Kunchall in Neri's Art of Glaſs Making. Surely they 
never tried thoſe Compoſitions themſelves, , we them 
upon the Report of other Authors, as the 19th will not take 


a good Luſtre, and the 21ft is very ſoft like hard Pewter, 
therefore highly improper for . which ſhould be as 


hard as poſſible. 4 
18 Braſs 


L 25 1. 
18 W Tin 1, with Arſenic -! 15 —whiter than 
* 17 5 

19 Brass 3, Tin — not poliſh well. 

20 Braſs 2, Tin 1—of a ſparry Nature. 

21 Tin 3, Braſs 1—too ſoft, being ealy a Kind of 

8 hard Pewter. 

22 Braſs and Arſenic equal Parts—a dirty white 
Colour. 

23 _ Copper, and Arſenic equal Parts—a dingy 

ite. 

24 Braſs and Platina equal Parts — very difficult to 
fuſe and mix well together, is then malleable, 
and of a dingy white Colour like 22d Com- 
poſition. 

25 Copper 32, Tin 14, Ortude-Antimony 4—black 
and rotten, 

26 Copper 32, Tin 14, Crude Antimony 1—bluiſh 

and rough-grained. 

27 Copper 32, Tin 15, Arſenic 4, Biſmuth 2— 

much too rotten. 

28 Copper 32, Tin 15, Arſenic 3, Biſmuth 1— 
much too yellow when poliſhed, and appears 
alſo porous. 

29 Copper 2, Zinc 1—a pale malleable Metal. 

30 Copper and Zinc equal Parts —ſtill malleable 
and rough-grained. 

31 Copper 32, Tin 15, Arſenic 4, Zinc 4 — a good 
Metal, but does not take a high Luſtre. 

32 The 21ſt Compoſition fluxed with Corroſive 
Sublimate—a compact and hard Metal, but 

rather yellow when poliſhed. 


D 33 Copper 
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33 Copper 32, Tin 16—a moſt beautiful brilliant 


Compoſition, but much too brittle and rotte n. 
24 po 32, Tin 14—bluiſh and og — 3 
35 Copper 32, Tin 18—almoſt 
grained. 
71 aſs 2, 2 1—nearly a Gold Colour. R 
raſs eri on Zinc equal Parts—a pale Gold Colour 
ugh-grained. | 
38 "as 4, Tin 1 very rotten. 
39 Copper and Crude Antimony equal Parts—of 
a ſparry Nature. 


40 Copper 32, Tin 15, Arſenic 4 of the Whole—a 


very beautiful and brilliant Metal, but tar- 
niſhes when expoſed for ſome time to the 
1 


41. Silver and Biſmuth equal Parts—a yellowiſh 


7 Metal, and not much harder than Silver 
itſel 
42 Silver and Tin wa Parts—a white Metal al- 
moſt like Silver itſelf, and much too ſoft for 
Specula. 
43 Silver, Tin, and Biſmuth equal Parts —a r 
white Colour, but much harder than 41 or 42. 


44 Copper; 32, Tin 15, Silver 1—a beautiful com- 


pact Metal, but poliſhes rather too yellow. 
45 Copper 32, Tin 15, Silver 2—not fo white as 


44. 

46 Copper 32, Tin 16, Braſs 4, Arſenic 2—rather 
too much Tin as the Compoſition was of a 
bluiſh Complexion and rough- grained, 


33 Unleſs the Copper is very pure, this Compoſition will 
be of a dark blue Colour, as 15 Ounces of Grain Tin will 
generally ſaturate Two Pounds Weight of Copper. 


47 Copper 


and rough- 


5 


: 
* 


| "I 

Copper $2, Tin 15, Braſs 1, Silver 1, Arſenic 

; Hs 145 ah clin Metal, being by much the 

whiteſt, hardeſt, and the moſt reflective I have 
c ever yet met with. n Þ 
48 Common Bell-metal—poliſhes very yellow. 

49 Common Bell metal 4, Regulus of Antimony 
I- bluiſn and rough-grained. | | 
50 Common Bell-metal 6, Regulus of Antimony 

1 ſtill bluiſh and rough-grained. _ | 
51 Copper 32, Tin 24, Reg. Antim. 5 viz, 1 oz. 
to 1 Ib. too much Antimony, it being of a 
> bluiſh Colour and rough-grained.  _ 
52 Copper 32, Tin 13, Reg. Ant. - bluiſh and 
rough. 1 
53 Copper 32, Tin 13, Reg. Ant. 22; viz. 1 02. 
to 2 lb.— a very fine Metal in Appearance like 
33. a 1 
54 Cop 2, Tin 13, Reg. Ant. ; viz. 1 oz. 
to 12 lb. a baut Real b much unlike 
47, but not quite ſo white. eye 
55 Crude Antimony 16, Cawk-ſtone 1 or 2 02. 
a very bright glaſſy Metal like the common 


47 This Metal, when broken, ſhould appear of a bright, 
glaſſy, and Quickfilver Complexion. If it 2 hard and 
of a dead white, more Tin muſt be added (the Copper will 
ſometimes take 16 Ounces of Tin, if it is very pure). If it 
8 bluiſh and rough, more Copper or Braſs muſt be 
added. g 

49 The common Bell- metal is not a Mixture of pure Cop- 
per and Tin, but Tin mixed with Copper Ore, a little puri- 
fied, before it is brought into pure Copper. 

55 See this moſt wonderful Stone, and its ſtrange Effect 
upon Antimony deſcribed in the Philoſophical Tranſactions, 
Ne 110. For this Stone I am much obliged to Sir Joszyn 
Banks, Preſident of the Royal Society, who favoured me 
with many Ounces of it. | 
D 2 Vitrum 
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Vitrum Antimonii, but by no Means fit for 
Mirrors. | : 


56 Copper 32, Tin 16, Vitrum Antimonii made 
from the Cawk-ſtone 1-0z.—a very indifferent 
, Compoſition, as the Vitrum Ant. did not differ 

in its Effects from Crude Antimon. 


57 Copper 32, Tin 14, Lead 2— no Art can make 


this Compoſition mix intimately, as the Lead 
* always ſeparate from the Copper and 
58 Copper 32, Tin 16, Reg. of Ant. 3 black 
and much too rotten. 
59 Copper 32, Tin 16, Iron Filings 8 — a bluiſh 
grey Colour and rough-grained, and appeared 
ſomewhat like Steel when broken through. 
60 59th Comp. 8 oz. Tin 1 02. —a little whiter 
than goth, but ſtill too blue. 


61 Equal Parts of 59 and 60—ſtill of too blue a 


Colour, and not cloſe-grained. 

62 Copper 32, Tin 16, Arſenic 3, Iron Filings 4 
of an 0z.—a pretty brilliant Compoſition, 
but much inferior to 47. 


63 Platina 1 02. Braſs 1 Oz. Cawk-ſtone, red hot, 


2. Oz. —exceſſive difficult to fuſe, and of a 
dirty light-brown Colour, and ſomewhat 
malleable. 5 

64 Copper 32, Tin 16, Iron-filings 4, Reg. Ant. 
4, and fluxed with Corroſive Sublimate—an 
exceeding hard and compact Metal, but of 
too blue a Colour. | 


62 In all Compoſitions with Iron in it, the Mixture will 
not run ſum̃ciently fluid, 

64 The Regulus of Antimony was added here to diſſolve 
or cauſe to melt the Iron-filings, 


65 Copper 


[ 29 J 
65 Copper 2 oz. Tin 1 oz. Iron-filings 1 dr. 
Reg. Ant, 1 dr.—too blue a Colour and 
rough-grained. 4 
66 Regulus of Antimony and Tin equal Parts 
- ſparry and not fit for Mirrors. 
67 Caſt-ſteel—will not poliſh upon Pitch either 
with Putty or Colcothar of Vitriol. | 
68 Steel 1, Tin 4—very rough-grained and bluiſh, 
and not much different from Steel itſelf. 
69 Steel 1, Tin 1—rough-grained and of, a bluiſh 
Colour. 5 r 
70 Steel 1, and 47th Comp. 20 Parts rough 
grained and not near ſo good as 47. 
71 Steel 1, and 47th Comp. 30 not much different 
from 47th Comp. but not ſo beautiful and 
cloſe-grained. « oe 


Many other Mixtures, were tried, by combining 
the foregoing Compoſitions in more than a hundred 
Variety of Proportions ; but none of them were 
found equal to No 47, as that Mixture forms a 
Metal that is the whiteſt, hardeſt, moſt reflective, 
and takes the higheſt Luſtre of any Thing I have 
yet ſeen, 0 | 


68 The Steel was melted by a Furnace of a particular 
Conſtruction, built on Purpoſe, as it would not melt in a 
Crucible and a common Air. furnace. 


Of 
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* Of the Eye-glaſſes of Reflecting T eleſcopes. 
THE Kind of Glaſs moſt proper for the Eye. 
' glaſſes of Reflecting Teleſcopes is Crown Glaſs, 
ſuch as is uſed for the convex: Glaſſes in the com- 
pound Obje&t-glaſs of Acromatic Teleſcopes ; and 
thoſe Pieces are the beſt, which, when laid upon a 
Shect of white Paper, ſhew it of a bluiſh green Co- 
lour, and not of a yellowiſh green. Crown Glaſs is 
much preferable to Flint Glaſs, or indeed any other 
Sort of Glaſs we are acquainted with, for this Pur- 
poſe; as it intirely deſtroys, by its Colour, all 
_ dingy or yellowiſh Appearance of Obj in 
Reflecting Teleſcopes (which may ariſe from the 
Metals not being ſufficiently white, or from a bad 
Poliſn) and ſhews them of their natural Colour. 
The dingy Appearance of Objects in the Reflect- 
ing Teleſcope is highly diſagreeable, but this will 
be entirely removed if the Metals are made of 
the 47th Compoſition, and the Eye-glaſſes are 
formed of Crown Glaſs. Even Flint Glaſs, when 
uſed for the — — to Reflecting Teſeſcopes, 
will always ſnew Objects too yellow, as neither the 
Flint Glaſs nor the Metals are ſufficiently white. 
But the Combination of the Colour of the Cn 
Glaſs, and of the Light reflected from the Metals, 
will always ſhew Objects of their true natural Co- 
lour, and totally free from all dingy or yellowiſh 
Tinge. I muſt add alſo that Crown Glaſs is much 
more free from Veins than Flint Glaſs, and there- 
fore much preferable. I have alſo been informed 


by a Gentleman of Stourbridge, in Worcęſterſbire, 
who 


e ]- | | 
who is a Glaſs-maker, that Crown Glaſs is the moſt; 


* 


pure Glaſs made in this Kingdom, and. alſo tranſ- 
mits more light than even Flint Glaſs, as Objects 
may be ſeen through a much thicker Piece of Crown, 
than Flint Glaſs. This Circumſtance may perhaps 
be owing to the Quantity of Lead which enters 
the Compoſition of Flint Glafs, which, by ren- 
dering it more denſe than any other Kind of Glaſs, 
makes it reflect more, and conſequently tranſmit, 
fewer Rays of Light. Be this as it will, I can affirm 
from my own Experience, that Crown Glaſs is much, 
preferable to Flint Glaſs for the Eye-glaſſes of all 
RefleRing Teleſcopes. 


- 


To try the Figure of the great Speculum. 


MR. Mudge, in the Philoſophical Tranſactions, 
| has given a Method to try the Figure of the 
t Speculum (for the ſmall Mirror- is always 

— by circular Apertures of Paſteboard a 
plied to the Mouth, or the Object End of = 
Teleſcope ; but this End may be much more eaſily 
obtained, without the Trouble of uſing Diaphragms 
of Paſteboard, barely by looking through the Te- 
leſcope, and by viewing, at a proper Diſtance (50 
or 100 Yards, for Inſtance) a Circle of Half an 
Inch or an Inchin Diameter, with a pretty broad black 
Margin to it. Adjuſt the Teleſcope ſo as to ſne Fr 
the Circle as diſtin as poſſible z turn then the 
Screw which moves the ſmall Mirror, either to the 
Right or Left Hand, and you will ſee a regular 

dark Haze round the Circle, becoming broader and 
broader as you continue turning the Screw: Then 
if the Haze is more diſtin, and the _ 
| 0 


of it better defined, when you turn the Screw from 
the Place of diſtin& Viſion towards the Right 
Hand, than when it is turned from diltinct Viffon 
towards the Left Hand, the Figure of the great 
Metal is ſpberical; if the black Haze is moſt diftin&t. 
when the Screw is turned towards the Left Hand, it 
is byperbolical, or beyond the Parabola; but if the 
Haze and! the Edges of it are equally diſtin& on 
both Sides the true Focus or Point of diſtin& Viſion, 
which the Eye will judge moſt accurately, then, in 
ſuch Caſe, the great Speculum has the true parabolic 
Curve gute. Theſe, and the following Direc- 
tions concerning the Method to center the Mirrors, 
are ſuited to a GRECORIAN Reflector, but for a 
CASSEGRAIN Teleſcope they muſt be reverſed. 


To center the Mirrors. 


II is of the utmoſt Conſequence to the Perfection 


of Reflecting Teſeſcopes that the Mirrors be truly 
parallel to each other, and alſo that the Centers of 
them, together with the Centers of the Eye-glaſſes 
be all in one direct Line; viz. in the Axis of the 
Tube. Indeed, unleſs theſe Particulars are attended 
to, the Inſtrument will prove defective and faulty, 
even though the Mirrors have the moſt exquiſite 
Figure poſſible given to them. That truly excellent 
Artiſt, the late ingenious Mr. James Sbort, always 
took the greateſt Care to adjuſt and center the Me- 
tals of his Teleſcopes; and, to prevent them from 
being deranged by any Accident, he always marked 
the upper Part of the great Mirror by a black Line, 
and faſtened the Screws on the Back of the ſmall 
Metal with common ſoft Solder. Mr. Mudge, * 
| | the 
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tie Philoſo 


I. 7 aduft the 


333 3 
55 Tranfactions, very juſtly adviſet 

us to turn the great Mirror in ity Cell, and examine 
in what Situation it is moſt diſtin& : But he has 
iven us w Directions how we are to place the 
etals panllel to each other, at the ſame time that 
their Centers are exactly in the Axis of the Tube. 
To ſupply theſe Omiſſions, I ſhall now point out 
ſuch Methbds as I have always found excellent for 
thoſe Purpoſes. do ge 


Arm which carries the ſmall 
 Speculum. 3 
Extend Two fine Threads or Wires acroſs the 
Aperture bf the Tube at right Angles, ſo as to 
interſect eæh other exactly in the Axis of the Te- 
leſcope ; before the Arm is finally faſtened to the 
Slider, plcce it in the Tuhe, and through the Eye- 
iece (wthout Glaſſes) the Interſection of the 
roſs - wire muſt be ſeen exactly in the Center of 
the Hole if the Arm. When this Exactneſs is 
obtained, et the Arm be firmly rivetted and ſol- 
dered to tle Slider. | Na . 


II. To Place the ſmall Mirror parallel to the large 
Speculum. 


Divide the Circumference of the Mouth- piece of 
the Tube of he Teleſcope into Four equal Parts. 
Provide a Circle of Paſteboard about One Half or 
Two Thirds & the Diameter of the Mouth of the 
Tube. Procure alſo a narrgw- Strip of Wood, 
whoſe Length s exactly equal to the Inſide Diame- 


ter of the Mouth of the Tube; divide it into Two 
E equal 


Nh n 
equal Parts, and to this Middle Point faſten the Center 
of the Paſteboard Circle by a ſmall Pd, Apply 
now. this ſmall 8 FA6Y to the Tvo oppoſite. 
Marks made on the Mouth of the Tube; by this 
Means the Center of the Paſteboard Circle will 
coincide with the Center of the Tube. Care alſo 
muſt be taken that the Paſteboard Circh be in the 
ſame Plane with the Mouth of the Tekſcope, or, 
which is the ſame Thing, at right Angles to its 
Axis; which is eaſily effected by applying the 
Edge of a Ruler acroſs the Mauth of the Nope 
and by making any of the Diameters of the Paſte- 
board Circle touch the Edge of the Ruk. Take 
now the Eye- glaſſes from the Eye · tube, and ſcrew 
that Tube, without its Glaſſes, in its proher Place: 
Direct then the Mouth of the Teleſcope towards 4 
Window or the Sky, apply your Eye tc the ſmall 
Hole in the Eye- tube, and obſerve wlether the 
Ring of Light in the ſmall Mirror is exadly of the 
ſame Breadth in every Part of it, which vill always 
be the Caſe when the ſmall Metal is parllel to the 
reat Speculum ; in all other Poſitiois of the 
fal Speculum, the Ring of Light init (which 
is only the reflected Image of that Part of the great 
Mirror which is not hid by the Paſteboud Circle) 
will appear of different Breadths in diftrent Parts 
of its Circumference : Adjuſt now the ſnall Mirror 
by the Three Screws at its Back, till ne Ring ef 
Light appears, in every Part, exactly of the {ame 
uniform Breadth; and thus, by a few Trials, the 
Face of the ſmall Metal may eaſily be placed pa- 
rallel to the Face of the great Speculm. 
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Ii. T's place the Center of the ſmall Mirror in tht 
Axis of the Tube. OA 
Put the circular Paſteboard on the Mouth of the | 
Tube, as before ; then apply the Eye to the Eye- 
hole (the Eye-glaſſes being removed) ahd-obſerve 
whether .the outer Edge of the Ring of Light in 
the ſmall Mirror, when adjuſted by the preceding Y 
Rule, is equi-diltant in every Part of its Circum- 9 
ference from the Edge of the ſmall Metal: In ſuch 
Caſe, the Center of the ſmall Mirror is colticident - 
with the Axis of the Teleſcope; but if the outer 
Edge of the Ring of Light in the ſmall Speculum 
is nearer to the Edge of it in ſome Part of its Cir- 
cumference chan in others, or, in other Words, if 
the dark Part ſurrounding the Ring of Light 
in the ſmall Speculum has not the ſame Breadth in 
every Part of its Circumference, then the Center 
of the ſmall Metal is not coincident with the Axis 
of the Tube, but muſt be raiſed higher or de- 
reſſed lower, muſt be put towards the Right 
Hand, or towards the Left, as ſhall appear neceſ- 
ſary. The caſieſt Method to perform this, is to 
make the Screw, which goes through the Hole in 
che upright Stem of Braſs which carries the ſmall 
Metal, with. a broad Shoulder to it, and to make 
the Hole in the Center of the Braſs Stem pretty 
large (but not ſo large as the Shoulder of the Serew) 
by which Means the ſmall Mirror may be raiſed or 
depreſſed, may be placed a little to the Right Hand, 
or towards the Left, as is found to be moſt proper, 
and may be retained in any of thoſe Poſitions by the 
three ſmall Screws that bear againſt the Back of 


E 2 the 


1 © Ws 
the ſmall An and the preceding Ad- 
juſtment muſt, be repeated by Trials, till the Ring 
of Light in the ſmall Mirror is of One uniform 
Breadth in every Part of its Circumference, and, 
t the ſame Time, the outer Edge of the Ring of 
Tine i equi-diſtant from the Edge of the ſmall 
Metal; for then, and then only, the Face of the 
{ſmall Mirror is parallel to the Face of the great 
Speculum, and, at the ſame Time, its Center is 
coincident with the Axis of the Tube; or the 
Centers of the Eye-glaſſes, and the Centers of the 
great and ſmall Specula, are in One right Line. 
N. B. When the ſmall Mirror has been adjuſted, 
by the preceding Directions, thoſe two Adjuſt- 
ments may be examined and rectified to the 
2 of Preciſion by the following 
Put up a Circle of Half an Inch or an Inch in Di- 
ameter, with a broad black Margin to its Circum- 
ference, at the Diſtance of Fifty -or a Hundred 
Yards from the Teleſcope. Turn the Screw, which 
Carries the Braſs Stem and the ſmall Mirror, nearer 
to or farther from the great Speculum, and you 
will obſerve, if the Metals are centered very well, 
the Margin of the Circle will appear to become 
leſs and leſs, ſo as to form continually a leſs. Circle, 
till at laſt, as 'you continue turning the Screw, it 
will terminate in a black Spot in the Middle of the 
true Circle (which will ſtill continue viſible) with 
a large broad and black Haze round it, equally 
broad in every Part of it. If the black Spot ap- 
ars on the Margin of the true Circle, and con- 
uently the black Haze is not equally broad round 


the true Circle, then the Mirrors are not exquilitely 
: centered, 


: ESE 
entered, but the Snell herd maſt e by 
the three ſmall Screws at the. Back 
dy , in a very ſmall Deg Degree, Ne 6 
hich is ee oppoſite the black Spor, 
* on os Di Side the Center of es Circle on 
* whoſe Mar . W gg 7 xa 
Metals are found to be exquiſitely ce | 
the three ſmall Screws at 1. N a d 4 
Speculum, with common ſoft Solder, to ent 
them from drawing, or givi Way. t up 
now a Watch Paper, or any o — ated Pagan, 
with Letters or Fi upon it of different Dimen- 
| fionsz ſome of which ſhould be very ſmall, at the 
Diſtance of at leaſt Sixty Times the focal 
of the great Speculum from the Teleſco 2 Turn 
the large Mirror in its Cell, about the 
of a Revolution each Time, and K in at 
of thoſe Poſitions the minute Fi or Letters 
upon the Paper are moſt diſtin Mark then, 
with a black Stroke, the upper Part of the Back of 
the great Speculum, and a correſponding Part * 
the A nſide of the Braſs Tube, adjoinin 
black Stroke on the Back of the Mirror; = alien 
Means, if the great Speculum is taken — of ita 
Cell at any Time, it may eaſily be replaced ex- 
actly in the ſame Poſition.— The Mirrors may alſo 
be examined by Means of any of the. fk Sewn, 


When the Metals are centered exceeding near, but not 
accurately true, the true Margin of the Circle will appear- 
too broad in ſome One Part of its Circumference ; that is, 
the black Line, forming the Circumference of the true Circle, 
will not appear equally broad in every Part of it. In fuch a, 
Caſe, ſcrew up the ſmall Screw at the Back of the (mall Spe- 
culum, which is oppoſite the Part of the Circumference of the 
Gircle which appears too black, or too broad. 

par- 


. EE 
particularly by thoſe of the Firf Magnitude ; fof 
the Mirrors are quly, centered and adjuſted to 


their beſt Poſition, 4 ed Stat, when made in- 
diſtinct by the adjuſting Screw: on the Side of the 
Tube, ſhould always appear, in Reflecting Teleſ- 
copes, as 4 truly round Circle of Fire with a black 
Spot exactly in its Center; and when. the Teleſ: 


cope is adjuſted to diſtin& Viſion, the Star ſhould 


* . * 


appear, if the Teleſcope, is excellent, and the 
- State: of the Air favourable, exactly round, and 

totally free from all Irradlations, of falſe Rays 
and Glare. Indeed I can affert, from Experience; 
that no Object is ſo proper to determine the Ex- 
cellence of Teleſcopes as the fixt Stars; as the 
leaſt Irregularity in the, Figure of the Metals in 
Reflecting Teleſcopes, or of the Object-glaſs in 
Acromatics, is rendered by them exceeding con- 
ſpicuous by a falſe Glare, and by their not appear- 
ing perfectly round. The ingenious Mr, Vm. Her- 
ſcbell of Bath, F. R. S. a Gentleman well known 
in the aſtronomical World, has diſcovered near 
300 double and treble Stars *, many of which are 
exceeding minute ones, and which, at .the ſame 

Time that they will afford us an Opportunity to 
prove the Goodneſs of our Teleſcopes, ſhew the 

xcellence of his own +, and illuſtrate the Ob- 
ſervation. of the Royal Pſalmiſt, that * Je 
Heavens declare the Glory of God, and the Firma- 
ment ſheweth bis Handy- work.“ : 


* See Philoſ. Tranſ. Vol. LXXII. | 


' + The Diameter of the great Mirror of Mr. Her/chelPs longeſt 
Reflecting Teleſcope (which is of the NEWTONIAN Con- 
ſtruction) is 12 Inches, its focal Diſtance is 20 Feet, and its 


magnifying Powers, for the fixt Stars, are from 300 to 6008 


Times. 
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S the following Table of the Apertures, 
A Powers, and Prices of Refſecting Tele“ 
opes, conſtructed in the Gregorian Form, by the 
late ingenious Mr. James Short, is very ſcarce, it 
tmay not be unacceptable to my Reader, if I here 
r SETS EET ES 


— 


1 _ ———— — ** 


Magnifying Powers. 


Aperture in 
Inches. 


| Number 
Foca 

I Length in 
Inches 
Diameter o 


- Times 


40 


311, Power of 
4111,31 
7 


3 

4 

1 6 
942,522 — — 40 & 60 8 
I2 | 3,0]2 — — 55 85 IO 
12 | 3,0|4 —— 35, 55, 85, & 110 — 14 
18 | 3,8]4 —— 55, 95, 130, & 200 20 
24 | 425]4 —— 90, 150, 230, & 300—| 35 
15 

100 

oO 

OO 


yd 


Ow CCG 


306,34 ——100, 200, 300, & 400— 
48 | 7,0]4 ——120, 260, 380, & 500— 
72 12,244 — 200, 400, 600, & 800— 
12 [144 8,04 — 300, 600, oo, & 1200 


Mr. Short, in the above Table, always greatly 
er-rated the higheſt Power of his Teleſcopes. By 
Experiment they were found to magnify much leis 


than expreſſed .in his Paper. Mr, Short finiſhed 
k 2 925 va ö . two 


| 1 

two or three Teleſcopes of the Gregorian Form, of 
18 Inches Focus, with 4,5 Inches Aperture, and 
Power 170. He alſo made one Teleſcope, of the 
Caſſegrain Form, of 24 Inches Focus, with 6 Inches 
Aperture, and Power 353. But it was very in- 
diſtin& with that Power. The greateſt Magnifier 
it bore, with ſufficient Diſtinctneſs, was 231 Times. 
He alſo made ſix Teleſcopes: of rhe ſame Focus of 
the Gregorian Form, which bore the uſual magnis 
fying Powers very well. 


A TABLE 


of Teleſcopes 
in which the Fi 
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A TABLE of the Apertures, Powers, Ge. 
of the NzwTonian Conſtruction, 
gure of the Great — is ſup- 


poſed to be truly — | 
Foc. Diff. Aperture Foc. Diſtance os tn the + 
of + of Sir Iſaac Magnify. 
Concave { Concave | Newton's | Single "Eye- ing 
| Metal. Metal. Numbers. Glaſs, Power. 
Feet. Inc Dec. Inch. Dec. | 
3 0,86 100 o, 167 36 
I 1,44 168 o, 199 60 
2 | 2445 283 0,236 102 
| "is as. 383 05261 138 
4 410 476 0,281 I71 
5 4,85 562 0,297 202 
——— — —— — — — —— 
957 645 0,311 232 
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As Teleſcopes of Sir Iſaac Newton's Conſtruc- 
tion are now found (particularly by the late exqui- 
ſite Obſervations of Mr. Herſchell of Bath) to per- 


form moſt excellently in the Minutiæ of Aſtronomy, 


eſpecially if ſmall Apertures and long Foct are 
made Uſe of, I have added the foregoing Table, 
chiefly taken'from Dr. Smith's Optics, vol. 1. p. 148, 
and have continued it on from 17 to 24 Feet focal 
Diſtance of the great Mirror. I have alſo annexed 
to it Sir Jaac Newton's Numbers, by means of 
which the Apertures of Reflecting Teleſcopes, of 
any Conſtruction, may be eafily computed, See 


Appendix to Gregory's Optics, p. 229, or Philoſo- 


phical Tranſactions, N' 81. R 

It may be neceſſary to mention, that the preced- 
ing Table was conſtructed by uſing the Dimenſions 
of the Middle - Aperture ahd Power of Mr. 
Hadtey's excellent Newtonian Teleſcope as a Stan- 


— 


akes Uſe of a Newtonian Reflector, the focal 
iſtance of whoſe great Mirror is 7 Feet, its A- 
perture 6,25 Inches, and Powers 227 and 460 
Times, though ſometimes he uſes a Power of 6450 
for the fixt Stars. SS 
Note, If the Metals of a Newtonidn Teleſ- 
cope are worked as exquiſitely as thoſe in Mr, 
Herſchell's Seven Feet Reflector, the higheſt 
Power that ſuch a Teleſcope ſhould bear, 
with perfect Diſtinctneſs, will be given by 
multiplying, the Diameter of the great Spe- 
culum by 74; and the focal Diſtance of the 
ſingle Eye-glals may be found by dividing — 
toc 


[4aJl | 
focal Diſtance of the great Mirror by the 
| magnifying Power : Thus, 6,25 * 74=403 

the Mag. Power ; and D = 0,182 of an 


Inch, the foc. Diſt. of che 


| f che ſingle Eye-glaſs 
required, | 4 V7 

To grind and poliſh the ſmall Sperulum , a Nxwro- 

fx Teleſcope truly flat. 


IT may perhaps be neceſſary to inform thoſe who 
4 would wiſh to'finiſh Teleſcopes of the Newto- 
nian Form, that the ſmall elliptical plane Mirror may 
be ground truly flat by making Uſe of Two or mare 
Tools conſiderably larger than the S lum in- 
tended to be finiſhed upon them, after it is brought 
as near the Figure as can be done upon a ſmall 
Tool of Lead with fine-Emery. The Tools,. or 
Beds of Hones, ſhould be no leſs than Six Inches in 
Diameter. The Figure of the Tools is not allowed 
to be completed, till the Speculum can be firſt highly 
finiſhed upon One of them, and afterwards be 
applied to another without receiving any Change. 
The laſt Half Dozen Strokes ſhould be in the Di- 
rection of the longer Axis of the Ellipſis. When 
this is perfected, it muſt be poliſhed upon the Pitch 
Poliſher of a circular Form, whoſe Diameter is 
about One-tenth Part greater than the tranſverſe 
Axis of the Speculum. For this Method of figur- 
ing the ſmall Speculum truly Fat, I am obliged to 
that excellent Aſtronomer Mr. Her/chell of Bath. 
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To find, by Experiment, the magnifying Power of any 
pt Lake ls 2 
ANY Methods have been contrived to deter- 

mine experimentally the magnifying Power of 
any Teleſcope. That excellent Artiſt Mr. Ramſ: 
den ſhewed me, ſome time ago, a ſmall Inſtrument, 
of his own Invention, to meaſure the Diameter of 
the emergent, Pencil of Rays, at the Eye-hole, to 
the utmoſt Degree of Preciſion. By dividing the 
Diameter of the great Mirror in a Reflecting Teleſ- 
cope, or the Diameter of the Object-glaſs in a 
Refractor, by the Diameter of the emergent Pencil 
of Rays, determined by that Inſtrument, the mag- 
nifying Power will then be given, But as that In- 
ſtrument, conſtructed chiefly upon the Principle of 
Mr. Dollond's Object-glaſs Micrometer, is ſome- 
what * expenſive, and therefore may not be found 
in the Hands of every One who is poſſeſſed of a 
Teleſcope; 1 ſhall lay down a plain and eaſy Me- 
thod by which I could always diſcover the Powers 
of my Teleſcopes very readily and with ſufficient 
Accuracy. you. CVI 

At the Diſtance of One or Two hundred Yard 
from the Teleſcope put up a- ſmall Circle of Paper 
of. any determined Diameter, an Inch for Inſtance : 
Upon a Card, or any Piece of ſtrong” Paper, 


* Mr. Ramſden informed me that the Price of One of his 
ſmall Inſtruments to determine the Power of any Teleſcope 
would be about Three Guineas. Whether any other Optician 
makes theſe Inſtruments, as invented by Mr. Ramſden, I can- 
not tell, having never ſeen any other than that which Mr. 
— —U— —-— 88 


through 
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through which the Light cxpnor þe eafily tranſi 


draw To black parallel Lines, whoſe Diſtance from 
ach other is exactly equal to the Diameter of the 
ſmall Circle. Adjuſt the Teleſcope to diſtinct Vi- 
fion, and through it view the aforeſaid ſmall Circle 
with One Eye, and with the other Eye, open alſo, 
view at the ſame time the Two parallel Lines. Let 
the. parallel Lines be then moved nearer to or fur- 
ther from your Eye, till you ſee them appear ex- 
actly to cover the ſmall Circle viewed in the Te- 
leſcope. Meaſure now the Diſtance of the ſmall 
Circle, and alſo of the parallel Lines, from your 
Eye. Divide then the Diſtance of the former by 
that of the latter, and you will have the magnify- 
ing Power of the Teleſcope required. ads 
Tuo other Methods to determine, by Experiment, 
the Power of any Teleſcope are given in Dr, 
Smith's Optics, in the Notes upon Art. 109 and 
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* To determing the Size and Place of. the Eye-bole in 
p 232 or compound Eye. piece of a Reflecting Te- 


II is abſolutely neceſſary for perfect Viſion that the 
Eye ſhould be applied to a ſmall Hole of a cer- 
tain Dimenſion placed exactly in the Focus of the 
ſingle Eye glaſs, if the Eye · piece conſiſts of + One 
Glaſs only, or elſe in the compound Focus of the 
Glaſſes, if it is conſtructed with Two, as is moſt com- 
monly practiſed. If the ſmall Eye-hole is not ex- 
actly in the proper Place and alſo of the true Size, 
the Teleſcope will prove faulty, as it will always 
either take in foreign Light, and by that Means the 
Object will appear very indiſtinct, or elſe it will 
cut off many of the Rays which ſhould come to the 
Eye, and then the Object will not appear ſo vivid 
as it ought to do. To rectify therefore its Size and 
Place let the following Rules be obſerved. N 
Let the Diſtance of the Eye- hole from the Eye- 
laſs, if it is a ſingle One, be put, as near as can 


attained by Meaſure, equal to the focal Diſtance 


of the Eye · glaſs; but if it is a compound Eye-glaſs, 


* Theſe Directions might have been inſerted, perhaps with 
more Uniformity, immediately after the Directions for he 
Eye-glaſſes of Reflecting Teleſcopes, p. 30; but as this Treatiſe 
is already ſet and corrected to this Place, I am neceſſitated to 
inſert it here. | 3 

+ Some Aſtronomers prefer an Eye- piece of One double 
convex Glaſs only for the higher Powers of their Teleſcopes, 
as it will tranſmit more Light than can paſs through Two 
Glaſſes.—In Mr. Herſcbell's Teleſeopes of the Newtonian 
Form, the Eye-pieces for the greateſt Powers conſiſt only of 
One ſmall double.convex Glaſs, 

; the 


V 
the Diſtance of the Eye-hole from the Glaſs tegreſt: 
the Eye may be found thus: Multiply the Dif- 


ference, between the focal Diſtarice of the Glaſs next 
to the Mirror and the Diſtance of the Two Eye- 
10725 by the focal Diſtance of the Glaſs neareſt to 
the Eye, and divide this Product by the Sum of the 
focal Diſtances of the Two Glaſſes leſſened by thei# 
Diſtance, and you will have the compound focal 
Diſtance required. Example. If the focal Dif- 
tance of the Glaſs neareſt to the Mirror is 3 Inc 
the focal Diſtance of the Glaſs neareſt the Eye i 
x Inch, and their Diſtance from each other is 2 
Inches, then the compound focal Diſtance from the 
—2X1 | 
Eye-glaſs will be g=. = 4 an Inch. 

The Diameter of the Eye-hole may alſo be de- 
_ termined by dividing the Diameter of thi 7 — 
Speculum by the magnifying Power of the Tele- 
cope. Thus, if the Aperture of the Teleſcope is 
4 Inches and Power 150, the Diameter of the Eye- 
hole will be 0,027 of an Inch nearly, or 2782 
0,02666, &c. | 

Having now found the Place and Size of the 
Eye-hole by Calculation nearly, the true Place an 
Size muſt be determined accurately by Experimeni, 
ſince our Meaſures of the Foci, Diſtances, &c. of 
the Glaſſes cannot be found with ſufficient Ac» 
CUracy. | | 

Wich a ſmall convex Glaſs of an Inch or an Inch 
and Half focal Diſtance view the Picture of the large 
Mirror in the Eye-hole ; hold the convex Glaſs as 
ſteady as you can in one Hand, and move your 
Eye upwards or dowawards, towards the Right 
Hand or towards the Left; then if the Picture — 
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. pin 
the ſame Direction with the Eye, the Focus 
1 whether fingle or Sinpoind: is besen 
the Eye-hole and the Eye-glaſs; bur if the Pie: * 
ture of the great Speculum in the Eye-hole appears 
to move contrary to the Motion of the Eye, then 
the true Focus is betweeii the Eye and the Kye-hole. 
In the fofmer Caſe the Eye- hole muſt be brought 
nearer to the Eye-glaſs, in the latter Caſe it muſt 
be removed farther from it, till you perceive the 
Picture of the great Mirror become Stationary, - of 
without any Motion, in whatever Direction . 
Eye is moved; for then and then only the Eye- 
Fole | is maſt accurately in the F ocus a the ing of or 
compound Eye-glaſs. 

The Diameter of the Eye-hols may alſo be deter: 
mined exactly by viewing, with the ſmall convex | 
Glaſs held in the Hand, as in the preceding ä 
tion, the exact Size of the Picture of the great 
Metal in the Place of the Eye-hole, determined 
accurately by the foregoing Direction. If the Area 
of the Eye-hole appears a ſmall Degree larger than 
the Area of the emergent Pencil of Rays, or the 
Picture of the great Speculum, then it is ſufficiently 4 


large to tranſmit all the Rays of Light which come 
from the great Metal. But if the Area of the Eye- 
hole is found to be leſs than the Area of the Picture 
of the great Speculum, the Eye-hole muſt be en- 
larged 


ged till its Diameter ſhall be found equal to, or 
A little lar er than the Diameter of the 


— 
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